Exposure of individuals to novel environmental conditions generally favors locally adapted phenotypes and can influence the likelihood of successful dispersal or the success of translocation efforts. We used geometric morphometrics to characterize American marten (Martes americana) skull morphology for descendants of animals reintroduced to the Upper Peninsula of Michigan, USA (~44,000 km 2 ) from genetically distinct source populations. Using univariate and multivariate analyses, we quantified associations between interindividual variation in skull shape and size, genealogical relationships, past introduction history, local harvest density of competitors, and contemporary landscape features we hypothesized would be related to diet. Effects of other sources of variation including shared ancestry (source population, geographic distance, and coancestry among descendants), sex, and age were also evaluated. Descendant skull shape was related to progenitor source population, sex, and age. In contrast to strong associations between spatial genetic structure based on neutral molecular markers and measures of landscape effects on dispersal, variation in skull shape among descendants was not associated with geographic distance or landscape features. Our study addressed a critical issue regarding a widely used conservation prescription. Specifically, when individuals are transplanted to reestablish extirpated species, do their descendants retain the features of the source population(s), or do they adapt to local conditions? Marten skull shape following reintroduction events is most likely determined by a combination of differences in morphology of source populations and geographic variation in habitat, rather than being influenced by a single factor.
Landscape features can act as agents of selection (Manel et al. 2010) , favoring locally adapted phenotypes and limiting the likelihood of successful colonization of novel habitats or immigration into new populations (Clobert et al. 2009 ). For example, immigrant phenotypes may be more prone to predation (Nosil et al. 2005) , less likely to successfully mate with resident individuals (Bensch et al. 1998) , or may be generally maladapted to new landscapes (Nosil et al. 2005) . Over longer periods of time, phenotypic differences arising from local adaptation and limited dispersal may accrue over microgeographic or macrogeographic scales resulting in adaptive radiation and speciation (Dobeli and Dieckmann 2003) .
In this study, we investigate phenotypic variation in skull morphology of reintroduced American martens, Martes americana (Order Carnivora), in Michigan's Upper Peninsula (UP), USA. Phenotypic variation in the skull morphology of species in this order (i.e., carnivorans) has been attributed primarily to selection associated with the acquisition and processing of food (Dayan and Simberloff 1994; Loy et al. 2004) . Most carnivorans are predatory (Dayan and Simberloff 2005) , but within that feeding category, there is considerable interspecific variation in diet and in features of the skull related to diet (Raia 2004) . Most notably, differences in skull shape reflect prey size: species that consume larger prey have an increased bite force relative to body size (Christiansen and Wroe 2007) . Bite force is dependent on gape angle (Dumont and Herrel 2003) and surface area for temporal muscle attachment (La Croix et al. 2010 ). There is a rich literature documenting the relationship between diet and skull morphology in carnivorans, including a study by Loy et al. (2004) comparing the stone marten (Martes foina) and the European pine marten (Martes martes). The stone marten was found to have a narrower postorbital constriction, weaker cheek 762 JOURNAL OF MAMMALOGY teeth, and a shorter rostrum than the pine marten, suggesting divergence in feeding morphology between these species (Loy et al. 2004) .
The distribution and diversity of food resources available to carnivorans is influenced by features of the landscape (Zielinski and Duncan 2004) . Accordingly, it should be possible to use knowledge of landscape features to make predictions about diet and hence about the pattern of variation in skull morphology (e.g., see Sears et al. 2003) . For marten, 2 landscape features seem particularly relevant in this context, the proportion of coniferous forest and the co-occurrence of fisher (Pekania pennanti) . Although marten are opportunistic with respect to diet (review by Martin 1994) , of total calories consumed, they have been shown to prefer larger vertebrate prey, such as snowshoe hare (Cumberland et al. 2001) , which are found primarily in coniferous forest. This same prey species is an important component in the diet of the fisher, a larger-bodied mustelid that co-occurs with marten in the UP of Michigan. In a study of the food habits of these 2 species in Manitoba (Canada), Raine (1987) found that the presence of fisher affected habitats occupied and concomitantly prey consumed by marten. In areas of overlap, marten tended to forage more frequently in trees for red squirrels or under the snow for microtines, while larger prey were taken by fisher (Raine 1987) .
Although diet appears to be an important factor in determining skull morphology in carnivorans, phenotypic differences among individuals might also reflect genealogy (Merilä and Crnokrak 2001) . In the case of introduced populations, genetic differences could derive from ancestral (i.e., source) populations or result from genetic changes that occurred after reintroduction (i.e., in descendants). In a study of invasive populations of American mink (Mustela vison) in the Mediterranean, Melero et al. (2008) found that variation in skull morphology reflected in part the morphology of founder individuals that had escaped from fur farms. However, other research suggests that descendants can diverge rapidly from ancestral populations following perturbations including climate change and range expansion into novel, unoccupied habitats (e.g., Pease et al. 1989; Hellberg et al. 2001; Yom-Tov et al. 2008 ).
Genetic differences (and associated morphological differences) accruing after reintroduction are often examined in the context of geography. Geographic distance (isolation by distance-Wright 1943) and relative landscape permeability (i.e., differences in how readily/easily individuals move through specific landscape features; isolation by landscape resistanceMcRae 2006) influence dispersal, and thus which animals are able to breed. Landscape permeability, though more difficult to assess, can be critical in determining the pattern of mating. For example, a forest-adapted species may avoid moving through agricultural fields, decreasing the probability for interbreeding of individuals in forest patches separated by large areas of agriculture. These patterns of nonrandom mating can result in spatial patterns of morphological divergence, particularly when individuals that are closer geographically also share similar habitats relative to more distant individuals (Langerhans et al. 2003) . For example, research on humans (Homo sapiens) demonstrated a global pattern of isolation by distance that was detected in both genetic and cranial morphological datasets (Relethford 2004) .
We focus here on a well-studied species of economic importance in the Great Lakes region, the American marten. The detailed information available regarding physical and biotic landscape features, reintroduction history, and genetic divergence among source populations and descendants (Williams et al. 2007 ) makes this a powerful system for investigating factors associated with incipient morphological divergence. American marten were reintroduced into the UP of Michigan beginning in 1955 after having been extirpated from the UP, with the majority of source individuals originating from 3 spatially distinct localities in Ontario, Canada (Williams et al. 2007) . Analyses based on neutral microsatellite loci revealed 3 genetic clusters within the UP located in 3 regions proximal to reintroduction release sites, suggesting that founders from distinct source populations had colonized different regions with minimal overlap (Fig. 1; . Examination of factors that might underlie genetic discontinuities between clusters (Howell et al. 2016) suggested that both roads and coniferous forest have influenced American marten dispersal and gene flow in this region.
Our objective was to quantify the relative influence of colonization history, dispersal limitation, and local adaptation on interindividual variation in skull morphology of these recently reintroduced populations of American marten in the UP of Michigan. Using skulls from harvested individuals, we tested 3 hypotheses: 1) variation in skull shape is associated with habitat features related to prey type; 2) spatial patterns in skull shape reflect the spatial dispersion of descendants of source populations, implicating the residual effects of common ancestry following reintroduction; and 3) skull shape varies as a function of the geographic distances among individuals and the permeability of landscape features to dispersal, implicating the importance of current genealogical relationships for maintaining spatial genetic cohesion among descendants. Our results contribute to understanding the relative importance of landscape features, colonization history, and relatedness to phenotypic divergence.
Methods
Samples and study area.-Our study area in the UP of Michigan (~44,000 km 2 ; Fig. 1 ) consists primarily of a mix of deciduous and coniferous forest. In a previous study on reintroduction success, American marten harvested in the UP during the 2000-2004 trapping season (n = 495) were genotyped at 11 neutral microsatellite markers, revealing the presence of 3 distinct genetic clusters (Huron Mountain-HM, Porcupine Mountain-PM, and Hiawatha-HIA-Williams and Scribner 2010). Our analysis extends this work by quantifying the influence of habitat features, ancestry, and current genealogical relationships on morphological variation in these animals.
Marten representing a subset of the genotyped individuals (n = 132; Table 1 ; Fig. 1 ) were collected by Michigan Department of Natural Resources personnel. Specimens were prepared by the University of Michigan Museum of Zoology and catalogued into their collection (see Supporting Information S1). The collection location of each sample was reported to the section (1 section = 1 mi 2 ) level. Skulls were also obtained from individuals representing each of 3 putative source populations in Ontario (n = 31; Table 1; Fig. 1 ). These martens were harvested between 1944 and 1978, collected by the Ontario Ministry of Natural Resources (OMNR) or its predecessor, the Department of Lands and Forests (DLF), and catalogued into the Royal Ontario Museum collection (see Supporting Information S1). Collection locations were recorded to the level of township, preserve, or Provincial Park by OMNR or DLF personnel.
Data collection.-Specimens were aged (adult or juvenile; greater or less than 1.5 years, respectively) based on cementum annuli and eruption of adult dentition. Each individual was sexed using genetic-based sex determination (Belant et al. 2011) . We used a landmark-based geometric morphometric approach to quantify variation in skull shape and size (Rohlf 1990; Zelditch et al. 2004 ). All skulls were digitally photographed in lateral ( Fig. 2A) and ventral (Fig. 2B) views. To obtain photographs of the lateral view, the skull was oriented so that the photographic and mid-sagittal planes were parallel; 14 landmarks and 32 semilandmarks were selected from the lateral view ( Fig. 2A ; Table 2 ). For the ventral view, skulls were oriented so that the palate and photographic planes were parallel; 21 landmarks were selected from the ventral view ( Fig. 2B ; Table 2 ). We used the protocol and standards for selecting landmarks outlined by Zelditch et al. 2004 . A Nikon digital camera with a macro lens was used to take images for each view at a fixed distance of 30 cm from each skull. For a subset of skulls (n = 48), we took a 2nd photograph of the lateral cranium after removing and then resetting the skull and camera. Duplicate photographs were used to assess measurement error that might arise from inadvertent changes in skull/camera orientation. Landmarks and Procrustes superimposition.-Landmarks and semilandmarks were superimposed by generalized Procrustes least squares alignment (GPA) using the gpagen function in the R package geomorph (Adams and OtarolaCastillo 2013) . This superimposition facilitates shape comparisons by removing differences in size, position, and orientation from the landmark coordinates (Adams and Otarola-Castillo 2013) . We used semilandmarks to describe curvature on the skull where landmarks were unavailable; semilandmarks were aligned such that the bending energy of shape deformation was minimized (Green 1996; Bookstein 1997) . Landmarks found in corresponding locations on either side of the ventral view skull midline were reflected from one side to the other and averaged following Procrustes superimposition (Zelditch et al. 2004 ) using bilat.symmetry in the R package geomorph (Adams and Otarola-Castillo 2013) . Only the symmetric component of skull shape was used for subsequent analyses. For each view, we used centroid size (i.e., the square root of the sum of the squared distances of each landmark from the center of the landmark configuration) as our measure of skull size (Bookstein 1986; Dryden 1998) .
Statistical analyses.-We used a distance-based approach with resampling to evaluate our statistical hypotheses regarding differences in shape among specimens. We quantified measurement error using a Procrustes Analysis of Variance (ANOVA) with the Procrustes distances among specimens, rather than the variances and covariances of the individual coordinates, as our dependent variable, and individual (n = 48) and replicates (n = 2) as our independent factors (Goodall 1991; Anderson 2001) . Our estimate of measurement error, based on rephotographing and redigitizing 48 specimens in lateral view was low, at 3.5%. Procrustes ANOVA was carried out using the procD. lm function in the geomorph package (Adams and OtarolaCastillo 2013) .
In analyses of descendant individuals from Michigan's UP, we partitioned variation in American marten skull morphology using covariates that we predicted would influence skull shape (Table 3) . We included log centroid size as a measure of skull size, and sex and age class to account for demographic variation. Genetic cluster was included as a covariate to quantify differences in skull morphology associated with historical, ancestral variation (putative source population), and reintroduction location. Landscape variables (i.e., proportion coniferous forest and fisher density) were selected based on hypothesized relationships between these variables and presence of prey species (Table 3) . For landscape variables, we scaled each variable to unit variance and centered by the mean prior to analysis. We created a circular buffer with area equal to an average marten home range (9.46 km 2 -McFadden 2007) around each harvest Intersection of anterior margin of canine with maxilla 3
Intersection of posterior margin of canine with maxilla 4
Posterior end of molar row 5
Midpoint of the infraorbital foramen 6
Tip of the postorbital process 7
Posterior point of the optic foramen on the orbitosphenoid 8
Tip of the most anterior of 2 ventral squamosal projections 9
Tip of the hamulus on the pterygoid process 10
Posterior point of the external auditory meatus 11
Tip of the jugular process 12
Posterior tip of the nuchal crest 13
Anterior extent of the nasal-premaxilla suture 14
Tip of the postmandibular process o 32 semilandmarks along dorsal curve of the cranium and nasals (LM12 to LM13) Ventral cranium landmarks 1 Juncture between incisors on the premaxilla 2,13
Posterior point of incisive foramen 3,14
Anterior edge of P4 4,15
Posterior edge of P4 5,16
Point of max external curvature of M1 at protocone 6
Posterior junction of left and right palatine 7,17
Tip of the most anterior of 2 ventral squamosal projections 8,18
Tip of ventral squamosal projection 9,19
Anterior point of external auditory meatus 10,20
Posterior edge of the jugular foramen 11,21
Tip of the occipital condyle 12
Anterior point of the foramen magnum Table 2 for description of landmarks and semilandmarks.
location and extracted the proportion coniferous forest and fisher harvest density. To quantify proportion coniferous forest, we used land cover classes from the 2001 IFMAP GAP LandCover dataset derived from Landsat satellite imagery (30 × 30 m grid cells- Donovan et al. 2004) . To obtain a measure of localized fisher harvest density, we used the location of fisher harvests from 2000 to 2004 and kernel density estimation (bivariate normal with a smoothing parameter [h] of 6,000-see Silverman 1986 ) to generate output raster grids (30 × 30 m resolution) in ArcGIS 9.3 (as per Silverman 1986; Moore et al. 2014) . For each year, continuous floating point grids were reclassified on a scale of 1-10 (low to high localized fisher harvest density-as per Moore et al. 2014) . Local harvest density estimates were adjusted for unequal harvest efforts (e.g., bag limit of 1 for Management Unit 2) by weighting the density estimates for each geographic area by the percentage of harvest that occurred in each Management Unit (Bales and Self 1993) . To obtain a measure of fisher harvest density for the entire study timeframe (2000) (2001) (2002) (2003) (2004) , we generated a grid based on median fisher harvest density across all 5 years (as per Moore et al. 2014) .
We used a Procrustes ANOVA to quantify variation in skull shape (Procrustes aligned coordinates) of descendant individuals associated with centroid size, sex (2 levels: male or female), age class (2 levels: juvenile or adult), genetic cluster (3 levels: HM, PM, HIA), and landscape features, using the procD.lm function in geomorph (Adams and Otarola-Castillo 2013) . Marten and fisher overlap in their preferred prey, which are influenced by the spatial distribution of coniferous forest. Consequently, the influence of fisher density on marten diet may be mediated by the percentage of coniferous forest and thus prey availability. We initially considered the interaction term for percent coniferous forest and fisher density. Because this interaction term was not significant, we present results for the main effects of landscape features only. ANOVA was used to quantify variation in skull size (log centroid size) of descendant individuals associated with sex, age class, genetic cluster, and landscape features. The interaction of percent coniferous forest and fisher density was not significant, and so we reevaluated the influence of all main effects on size with an ANOVA using Type II sums of squares, where the outcome of analyses are not affected by the order of variables in the model.
For each skull view, we used between-groups PCA (bgPCA) of the Procrustes aligned coordinates (based on the covariance matrix of cluster means) to visualize skull shape similarities among descendants representing the 3 genetic clusters. We tested for significant differences in mean shape between clusters using permutation testing (n = 999). Between-groups PCA (bgPCA) was conducted using the groupPCA function in the Morpho package in R (Schlager 2013) .
Skull shape variation among descendants may reflect contemporary genealogical relationships Nogueira et al. 2005; Perez et al. 2009 ). To investigate this hypothesis, we tested the prediction that interindividual phenotypic and molecular variation were congruent. Residuals from regression analyses were used to generate a matrix of pairwise, individual-by-individual morphological distances (distance between landmark configurations) using the Euclidean distance option in the dist function in the R package vegan (Oksanen et al. 2013) . A pairwise, individual-by-individual measure of genotypic distance based on the proportion of shared alleles was calculated from 11 neutral multilocus microsatellite markers using the program GenAlEx ver. 6.5 Smouse 2006, 2012) . Matrix correlation (Mantel test- Smouse et al. 1986 ) was used to quantify associations between interindividual similarity in skull shape and interindividual genetic similarity (appropriateness of Mantel test for distance matrices-Legendre and Fortin 2010). We performed this analysis using the Mantel.test function in the package ncf in R (Bjornstad 2012) .
A pattern of isolation by distance or landscape resistance may also be detectable in spatial patterns of skull shape, further implicating the importance of current genealogical relationships Raine (1987) Least cost path distance Dispersal limitation as a function of specific landscape features may lead to differences in skull shape among individuals that are not able to interbreed. Camacho et al. (2013) in maintaining spatial phenotypic cohesion among descendants. To evaluate the hypothesis that variability in skull shape is associated with geographic distance, we tested for an association between geographic and morphological distance (distance between landmark configurations) between all pairs of individuals. To assess the hypothesis that variability in skull shape is associated with degree of landscape resistance between harvest locales, we calculated "least-cost" distances between all pairs of individuals and tested for an association between least cost and morphological distance. Least cost distances were calculated using the Least Cost Path (LCP) tool in the Landscape Genetics extension (Etherington 2011) for ArcGIS9.3 (ESRI 2008). The least cost path represents the path of least landscape resistance between individuals. Grid cells (100 × 100 m resolution) were assigned values based on the landscape feature contained within that grid cell and our hypothesis regarding the ability of an American marten to traverse an area occupied by that landscape feature. Based on previous research in the UP, we expected that American marten would avoid major highways and areas lacking coniferous forest (Howell et al. 2016) . Using the Michigan Geographic Framework All Roads dataset and Michigan Department of Transportation National Functional Classification codes (NFC), we classified grid cells at a 100 × 100 m resolution with higher cost (higher grid cell value) assigned to principle arterial roads (e.g., highways that are paved and maintained) versus grid cells without principle arterial roads. For the proportion of coniferous forest, we used the 2001 GAP LandCover dataset to quantify the proportion of each 100 × 100 m grid cell composed of coniferous forest (Donovan et al. 2004 ). Finally, we examined the relationship between skull morphology of descendant and source populations. Unfortunately, sample sizes for all but 1 of the 3 source populations (i.e., Crown Chapleau Game Preserve, CCGP) were small, prohibiting a comprehensive comparison of source to descendant individuals. We used a Procrustes ANOVA to quantify variation in skull shape in the CCGP lineage, using history (2 levels: source or descendant), size, sex, and age class as covariates. An ANOVA was used to quantify the influence of history, sex, and age class on skull log centroid size in this lineage. As in our analysis of descendants, we used bgPCA of the Procrustes aligned coordinates (based on the covariance matrix of cluster means) to visualize skull shape similarities among the 3 descendant and 2 (of 3) source populations (n = 5; APP was excluded because the sample size = 1). Distances in mean skull shape between genetic clusters (n = 5) were tested for significance using permutation tests (n = 999) and used to generate a tree based on neighbor-joining agglomerative clustering method (Saitou and Nei 1987) . Neighbor-joining is an appropriate clustering method for our data because it does not assume all lineages evolve at the same rate (Saitou and Nei 1987) . We conducted neighbor-joining with the function bionj in the R package ape (Gascuel 1997; Paradis et al. 2004) .
Results
Skull centroid size of descendants differed significantly between sexes, age classes, and among genetic clusters in both views (Tables 4A and 4B ). Sex explained most of the size variation in both views; male martens had a larger skull (on average) than females. This is consistent with reported differences between the sexes in body size (e.g., Baker 1983) .
Proportion coniferous forest and fisher density were only weakly correlated in this dataset (Pearson correlation coefficient = −0.11) and both varied significantly with genetic cluster [ANOVA with genetic cluster (n = 3) as the independent variable and proportion coniferous forest (F 2,129 = 17.5, P < 0.001) or fisher density (F 2,129 = 12.73, P < 0.001) as the dependent variable]. Variation in skull shape of descendant individuals was not associated with these landscape features, but was significantly associated with skull centroid size and age class in both views, and with genetic cluster in lateral view only (Tables 5A and 5B ). Age class accounted for the most variation in lateral view (R 2 = 0.16) and centroid size in ventral view (R 2 = 0.20). A bgPCA of skull shape in the lateral view, using genetic cluster as the grouping variable, revealed considerable overlap among the 3 clusters (Fig. 3A) , but distances between group means were significant in 2 of the 3 comparisons, i.e., HIA to PM (P = 0.012) and HM to PM (P = 0.027), but not HIA to HM (P = 0.069). Comparing the mean skull shape of HIA and HM to PM, the most notable shape change was a relative expansion in the region of the braincase of PM relative to HIA and HM (Figs. 3B-D) . Mantel tests including all descendant individuals did not detect a significant association between genetic and morphological interindividual distances for either the lateral (Mantel r = −0.06, P = 0.07) or ventral (Mantel r = 0.02, P = 0.32) skull view. There was also no evidence for a pattern of isolation by geographic distance for skull shape (lateral: Mantel r = 0.02, P= 0.19; ventral: Mantel r = −0.01, P = 0.33). In addition, there was no evidence that skull shape variation might reflect a pattern of isolation by landscape resistance based on Between-group principal component analyses of skull shape that included both source and descendant individuals showed extensive overlap between the 5 groups in both views (Figs.  4 and 5) . Nonetheless, pairwise distances between means for skull shape were significant in 8 of 14 source-descendant comparisons and none of the 2 source-source comparisons (Table 6 ). Change in mean skull shape for the CCGP lineage, i.e., from CCGP (source) to PM (descendant), is characterized by dorsoventral flattening of the skull, expansion of the braincase along the sagittal crest, and anterior displacement of postorbital landmarks in lateral view (Figs. 4B and 4C) , and by anteriolateral expansion of the zygomatic arches in ventral view (Figs. 5B and 5C ). Neighbor-joining agglomerative clustering based on distances between means for skull shape reflects a tendency to associate based on classification as descendant or source (Fig. 6) .
Variation in lateral view skull shape for individuals from the CCGP lineage was significantly associated with centroid size (F 1,47 = 4.95, R 2 = 0.07, P = 0.01), age class (F 1,47 = 5.76, R 2 = 0.08, P = 0.02), sex (F 1,47 = 2.88, R 2 = 0.04, P = 0.04), and history (i.e., source or descendant; F 1,47 = 8.01, R 2 = 0.12, P = 0.01), with most of the variation attributed to history. Ventral view skull shape was similarly related to centroid size (F 1,50 = 16.34, R 2 = 0.21, P = 0.01), age class (F 1,50 = 3.65, R 2 = 0.05, P = 0.01), and history (F 1,50 = 7.82, R 2 = 0.10, P = 0.01), but sex was not a significant factor in this view. Skull centroid size variation for the CCPG lineage was significantly associated with age class and sex in both lateral (age class: F 1,46 = 30.21, P < 0.001; sex: F 1,46 = 206.22, P < 0.001) and ventral (age class: F 1,49 = 28.22, P < 0.001; sex: F 1,49 = 157.98, P < 0.001) views and with history in the lateral view only (F 1,46 = 11.05, P = 0.002). Descendant individuals had larger skulls on average than source individuals.
discussion
Our study provided a unique opportunity to simultaneously examine the influence of landscape features, relatedness, and introduction history on morphology of American marten. Since reintroduction into the UP of Michigan, American marten have diverged in skull morphology from their source populations. Although there is considerable interindividual variation in skull shape (Figs. 4A and 5A) , there are significant differences in the mean skull shape for 8 of 14 source-descendant comparisons, whereas no source-source comparisons were significant (Table 6 ). This finding may reflect differences in habitat available to source and descendant marten. Within the CCGP lineage, morphological divergence from source populations was characterized by an expansion of the braincase along the sagittal crest and anteriolateral expansion of the zygomatic arch indicative of an increase in area for the temporal muscles and consequently an increased bite force (Figs. 4 and 5B and 5C; La Croix et al. 2010) . Increased bite force is related to weight of primary prey and may indicate that these descendants are feeding on larger prey than source individuals (Wiersma 2001) . Within the CCGP lineage, descendants were found to have larger skulls (on average) than source individuals, providing further support for this hypothesis (Zalewski and Bartoszewicz 2012) .
Whatever the proximal factors underlying these morphological differences between source and descendant marten, they likely reflect climatic and habitat differences between northern source localities in Ontario and more southern descendant localities in Michigan's UP (i.e., latitude differences- Schipperges et al. 1995) . Rapid morphological divergence associated with climate change and subsequent range expansion into novel, unoccupied habitats has been shown to occur in a variety of organisms (e.g., Pease et al. 1989; Hellberg et al. 2001) . For example, in 1977 and 1981, Anolis lizards (Anolis sagrei) were introduced from Staniel Cay Island in the Bahamas onto 14 nearby islands (Losos et al. 1997) . Following colonization, populations on each island where lizards were introduced exhibited morphological divergence relative to source populations (Losos et al. 1997) . The degree of divergence was related to how different each island's vegetation was from the vegetation found on the source island. In another example, researchers noted morphological changes associated with climate-driven alterations in the geographical range occupied by marine gastropods (Hellberg et al. 2001) .
Differences in skull shape between CCGP source individuals and their PM descendants might alternatively be a function of time rather than space, i.e., if the prey base has changed throughout the entire region over time, then observed differences in skull shape between source (older samples) and descendants (newer samples) may simply reflect this temporal trend. A future comparison between contemporary individuals from CCGP and PM would allow us to distinguish between these hypotheses. Additionally, some of the differences in morphology between source and descendent martens could be attributed to drift variance associated with the low numbers of founding individuals used in reintroduction events (Hedrick et al. 2001; Marroig and Cheverud 2004; Williams et al. 2007 ). Founding of new populations by small numbers of individuals (such as occurs in many reintroduction events) is especially likely to result in divergence, genetically and/or phenotypically, of descendants (Carson 1968) . In a study of bighorn sheep (Ovis canadensis mexicana) in the Southwestern United States and Mexico, decreased genetic diversity within the Tiburon Island population relative to other populations was due to the effects of genetic drift attributed mostly to the small number of founding individuals (Hedrick et al. 2001) . In a study of human cranial morphology, researchers found support for a hypothesis of neutral divergence, whereby differences in Neanderthal and modern human crania could be explained by isolation and ensuing genetic drift (Weaver et al. 2007 ). After blackfooted ferret (Mustela nigripes) reintroductions, low levels of genetic diversity in the Wyoming population were attributed to genetic drift (Wisely et al. 2007) . Individuals from this population had also diverged morphologically (i.e., smaller body size) relative to animals in South Dakota and Arizona, most likely as a combination of the effects of drift and environment (Wisely et al. 2007 ). There have been relatively few generations since the 1st Michigan American marten reintroduction event (1st event in 1955-Williams et al. 2007), increasing the likelihood that drift has contributed to the observed morphological divergence.
Among descendants, skull shape varied as a function of sex, age class, and genetic cluster. However, there was not a significant relationship between morphological variation and the landscape features we chose as indicators of diet (coniferous forest and fisher density), nor could skull morphology be explained by interindividual genetic or geographic distance. The absence of a relationship between indicators of diet and skull morphology was unexpected given findings of previous studies (e.g., Dayan and Simberloff 1994; Loy et al. 2004) . While diet may not be an important determinant of skull morphology in these marten, it is also possible that proportion of coniferous forest and fisher density at marten harvest locations are not reliable indicators of marten diet. These habitat covariates may be too simplistic to adequately describe variation in the spatial distribution of prey resources. It is worth noting in this context that observed differences in lateral skull morphology among the 3 genetic clusters are consistent with functional differences that are often associated with diet (Wiersma 2001; Loy et al. 2004) . For example, compared to marten from the HIA and HM genetic clusters, those from PM show relative expansion in the region of the braincase (Fig. 3) . This would increase area for attachment of the masseter, a muscle important for generating bite force (Christiansen and Adolfssen 2005; Rich 2012) . Greater bite force is often associated with a higher proportion of large prey in the diet (Wiersma 2001) . Future research that quantifies the distribution and relative density of finer-scale habitat features examines population dynamics of primary prey species and includes direct diet analyses will improve our understanding of how variation in skull shape is partitioned.
In addition to geographic differences in fine-scale habitat features, the significance of the genetic cluster covariate likely also reflects common ancestry, the result of genetically distinct source populations being introduced into spatially distinct regions within the UP (Williams et al. 2007 ). In a study of American mink morphology, Melero et al. (2008) attributed some of the variation among invasive populations to the identity of the introduced subspecies because these subspecies differed morphologically from one another. A similar phenomenon may have occurred with the American marten reintroduction into Michigan, whereby descendants of reintroduced individuals exhibit differences in morphology attributable in part to differences in founding populations.
Although morphological variation reflected large-scale genetic patterns (i.e., genetic clusters), it did not reflect genetic differences at a finer scale (i.e., among individuals). Our analysis of morphological and neutral genetic variation is analogous to studies of population-level Fst versus Qst variance metrics. However, our analysis was primarily conducted at the individual level and while there are interindividual analogs to these metrics (Ritland 2000) , concerns have been raised regarding the use of neutral genetic markers as surrogate measures of family relationships (e.g., O 'Hara and Merila 2005; Ovaskainen et al. 2011) . In addition to a lack of correlation between morphology and neutral genetic variation, interindividual morphological distance was not related to Euclidean distance or to least cost distance among individuals (isolation by distance -Wright 1943) . The latter finding is interesting in light of a previous study of genetic distance based on neutral microsatellite loci (Howell et al. 2016) . In this study, there was a significant association between genetic distance among individual marten and least cost distance parameterized with variables including roads and the proportion of coniferous forest (isolation by landscape resistanceMcRae 2006; Howell et al. 2016) . Depending on the taxa or system of inquiry, geographic distance may or may not play a strong role in structuring both contemporary morphological and spatial genetic variation (Relethford 2004; Spurgin 2014) . A lack of correlation between morphology and geographic distance suggested that current genealogical relationships among descendants, though previously shown to be influenced by the spatial distribution of landscape features, did not play a large role in structuring current morphological variation among descendants.
Reintroductions and translocations are a commonly used management strategy in wildlife conservation. However, it is often unclear whether descendants of individuals from source populations adapt to the local environment or retain features of the source population. Our study demonstrates that in the case of the reintroduction of American marten to the UP of MI, descendant skull shape is most likely determined by a combination of differences in morphology of source populations and geographic variation in habitat, rather than being influenced by a single factor.
